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METHOD AND AN APPARATUS FOR
FORMING ELECTRICALLY CONDUCTIVE
VIAS IN A SUBSTRATE, AN AUTOMATED
ROBOT-BASED MANUFACTURING SYSTEM,
A COMPONENT COMPRISING A

SUBSTRATE WITH VIA HOLES, AND AN
INTERPOSER DEVICEL

This application 1s the national phase under 35 U.S.C. §371
of PCT International Application No. PCT/SE2011/051396
which has an International filing date of Nov. 21, 2011, which
claims prionity to Swedish patent application number

1001125-2 filed Nov. 22, 2010.

TECHNICAL FIELD

The invention relates to the formation of electrically con-
ductive vias 1n substrates, preferably electrically conductive
vias extending through the substrate, and to devices com-
prises electrically conductive vias.

BACKGROUND

The hybrid integration of 1C and MEMS technology was
dominated during the past decades by two-dimensional side-
by-side approaches for Mult1 Chip Modules (MCM) and Sys-
tems on Chips (SoC). CMOS and MEMS processing are both
well-established and cost-effective base technologies where
cach technology itself 1s typically characterized by short
development times, low fabrication costs and high yields. The
separate manufacturing of CMOS and MEMS and the inte-
gration of both devices as a final step 1n packaging 1s, 1n terms
of process costs and versatility, an attractive alternative to
Systems on Chips, where these two technologies are labori-
ous merged onto a common die. The trend 1n many integration
concepts moves therefore clearly towards three-dimensional
integrated System 1n Packages (S1P). This vertical integration
by chip stacking does not only decrease the costs by reducing,
the package size, its volume and weight, but also improves the
systems performance in terms of enhanced transmission
speed, lower power consumption, and lower parasitic capaci-
tances due to shorter signal lengths, which 1s of importance
for various demanding applications. These integration con-
cepts require vertical interconnects which lead through cer-
tain chips/substrates/carriers of the stack in order to connect
its functional layers. Large developing efforts for the realiza-
tion of reliable and cost-eflective Through-Silicon Vias
(TSV’s) are currently on-going and first commercial products
have already successiully incorporated this technology.

The structure and thus the fabrication of TSV’s can be
roughly divided 1nto three major elements as being illustrated
in FI1G. 1, which 1llustrates, 1n a cross-sectional view, a com-
ponent 107 comprising a substrate, chip, or carrier 104 of
insulating or semiconducting material, for example silicon,
glass ceramic or others, with a plurality of TSV’s: through
holes 101 going through the substrate 104, an electrically
conductive core 102 comprising metallic or semi-metallic
conductive via material, and a dielectric material 103 acting
as an isulator between the electrically conductive core 102
and the substrate 104. Each TSV forms a vertical electrical
interconnection between the front and back sides of the sub-
strate 104. As an example, each TSV connect to a redistribu-
tion layer 105 on one side of the substrate for connection to
integrated circuits or associated devices, optical or optoelec-
tronic elements, micromechanical or micro-electromechani-
cal elements, additional wiring, etc., which are disposed 1n
the layer 105; and to solder bumps 106 on an opposite side of
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the substrate 104 for connection to next level. The actual
design of the TSV’s depends very much on the application
and 1ts demands.

The most popular process techniques for the fabrication of
the TSV’s are 1n the following brietly discussed:

Various methods for the formation of via holes exist and
can be categorized into dry etching, wet etching, and drilling
processes. All processes have their own characteristics and
thus result in different physical properties of the via holes.
The diameter of the via holes depends strongly on the appli-
cation and varies typically between 1 um and 1200 um. Ver-
tically straight sidewalls are typically fabricated for solid
metal-filled TSV’s with small diameters, whereas tapered
sidewall profiles are used for metal-lined TSV’s with rather
larger diameters.

The predominantly used processes for the via hole forma-
tion so far are Deep Reactive Ion Etching (DRIE), Water Jet
Drilling, Sand Blasting, and Laser Ablation. DRIE 1s by far
the most commonly used technology to form the via holes due
to 1ts excellent process controllability and its capability to
create high aspect ratio vias and various profiles of the side-
walls. Using Laser Ablation to drill the via holes benefits from
the absence of any lithographic process steps and the non-
selectivity towards different material stacks. This allows a
very flexible processing and fast incorporation of design
changes. However this method suifers from a high local ther-
mal load creating pores and micro-cracks and a dust particle
generation and a deformation concentrically to the drilled via
holes, which may lead to reliability issues. Methods like
micro drilling, powder blasting, cryogenic etching, wet etch-
ing techniques such as photo-electrochemical etching have
also been reported but are not broadly applied yet. Traditional
substrate thicknesses are in the range of 0.01 mm to 3 mm
with through via aspect ratios 1n the range of 1:1 to 30:1. The
dimensions depend strongly on the application and I/O count.

The metallization step 1s the most critical and costly part of
the via fabrication. Especially the electroplating of copper as
a very well established semiconductor process 1s widely used
in most research groups within imndustry and umversity to
form the conducting path. The process benefits from 1ts good
availability and processability of high aspect ratio features at
close to room temperature conditions but 1s however not yet
economically attractive due to its complexity. Especially the
vo1d-free metal formation of high aspectratio features 1s a big
challenge. The cost target of currently applied TSV processes
1s about 200 USD per 200 mm water. A major part in this cost
structure 1s the metal filling with about 20-30% of the total
costs. Alternative approaches to plating processes are there-
fore vestigated, such as the filling of the via holes with
conducive metal pastes, the use of polysilicon or low resis-
tivity silicon as conductor.

Filling of high aspect ratio vias, with a height 1n the range
of 10 um to 100 um and a diameter 1n the range of 1 um to
several hundred um’s 1s challenging. A popular technique for
filling blind vias or through vias of microscale diameters 1s
clectroplating of cupper. However, the hydrodynamics, the
ionic concentrations, and the diffusivities limit the filling of
deep blind holes.

Chemical Vapour Deposition (CVD) of silicon dioxide 1s a
well-established CMOS process and therefore often used for
forming the nsulator surrounding the conductor because of
its moderate temperature conditions. Organic dielectrics such
as benzocyclobutene (BCB), SU,, or parylene are also used.
The polymers are typically applied by conventional spin-on
or parylene deposition processes as well as by spray coating.
Most of the TSV concepts use a very thin insulating layer 1n
order to minimize the via diameter and pitch.
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SUMMARY

It 1s an object of the present invention to provide a method
and an apparatus for forming conductive vias in a substrate at
lower a cost than what 1s possible today.

It1s a further object of the invention to provide such method
and apparatus which enable the formation of void-free
through substrate vias with high aspect ratios.

It 1s still a further object of the mvention to provide such
method and such apparatus which are rapid, simple, robust,
clfective, precise, accurate, reliable, safe, and easy to use.

These objects among others are, according to the present
invention, attained by methods and apparatuses as claimed 1n
the appended patent claims.

According to one aspect of the mnvention, a method for
forming conductive vias 1n a substrate by filling preformed
via holes, preferably through via holes, with conductive mate-
rial 1s provided. According to the method a plurality of pre-
formed objects at least partly comprising ferromagnetic
materal, e.g. 1n the form of commercially available wires, are
arranged on a surface of the substrate, a magnetic source 1s
arranged on an opposite side of the substrate with respect to
the plurality of preformed objects, thereby at least partly
aligning at least a portion of the preformed objects with a
magnetic field associated with the magnetic source; and the
magnetic source 1s moved relative the substrate, thereby mov-
ing the at least portion of the preformed objects 1nto at least a
portion of the via holes.

By such method a rapid metal filling technique 1s provided,
which enables through water/substrate vias with high aspect
ratios and potentially eliminates characteristic cost drivers of
the TSV production such as plating, wafer thinning, and
general 1ssues associated with thin wafer handling. Main
fabrication objectives of state-of-the-art TSV’s such as reli-
able fabrication of high aspect ratio TSV’s, void-free solid
metallization, suificient thermo-mechanical stability, and
reduction of fabrication costs are addressed by the presented
concept.

Preferably, the preformed objects 1n the via holes are fix-
ated therein by filling the space between the objects and the
sidewalls of the via holes with a filler material, preferably a
dielectric filler material. Hereby, a mechanically stable struc-
ture with well defined conduction paths 1s obtained.

The preformed objects may each comprise a core and a
layer formed thereon, wherein the core may be of an electri-
cally conductive material and the layer formed thereon may
be of a ferromagnetic material, or vice versa, 1.e. the core may
be of a ferromagnetic material and the layer formed thereon
may be of an electrically conductive material. Hereby, the
objects may be good electrical conductors and simulta-
neously be easily aligned and moved into via holes by means
of the magnetic source.

Alternatively, the preformed objects comprise each a mul-
tilayer structure including at least two parallel conductors,
preferably arranged coaxially, electrically 1solated from one
another. Hereby, a single TSV provides two electrical con-
duction paths or a coaxial conductor.

Yet alternatively, the preformed objects may each comprise
a first end portion and a second end portion opposite to the
first end portion, and the first end portion 1s of an electrically
conductive material and the second end portion 1s of a ferro-
magnetic material. This 1s of particular interest when no
through substrate electrical conductor 1s required.

In one embodiment no filler material 1s deposited between
the objects and the sidewalls of the via holes for fixation of the
preformed objects 1n the via holes. Instead, the preformed
objects comprise each a core of a ferromagnetic material and

10

15

20

25

30

35

40

45

50

55

60

65

4

a layer of an expandable dielectric matenial formed thereon,
and the preformed objects 1n the via holes are fixated therein
by means of expanding the expandable dielectric layer.
Hereby, the fabrication 1s even further speeded up, and the
fabrication costs will be reduced; no depositing of filler mate-
rial 1s required.

After that the preformed objects have been moved into the
at least portion of the via holes and been fixated therein, the
surface of the substrate, on which the preformed objects at
least partly comprising ferromagnetic material are provided,
may be planarized. After planarization, the via holes can be
hermetically sealed, e.g. by means of covering them by at
least one layer, preferably an electrically conductive laver,
alter the preformed objects have been moved into the via
holes. It the via holes are through holes both ends have to be
covered 1n order to seal the via holes hermetically. Various
further post-processing steps may be applied depending on
the particular application and 1ts demands.

According to another aspect of the invention, an apparatus
for forming conductive vias 1n a substrate by filling pre-
formed via holes with conductive material 1s provided. The
apparatus comprises a magnetic source arranged below the
substrate for providing a magnetic field, thereby at least partly
aligning at least a portion of a plurality of preformed objects
arranged on an upper surface of the substrate, and means for
moving the magnetic source relative to the substrate, thereby
moving the at least portion of the preformed objects into at
least a portion of the via holes.

Preferably, the means for moving 1s provided for moving,
the magnetic source relative to the substrate in different hori-
zontal directions, and optionally 1n a vertical direction.

Further, a substrate holder arranged to hold the substrate
during the movement of the magnetic source relative to the
substrate may be provided.

In one embodiment, the apparatus comprises a detection
device for detecting the amount of the preformed objects that
has been moved 1nto the at least portion of the via holes. The
detection device may be a device for detecting preformed
objects 1n the via holes optically, electromagnetically, or
physically.

In a further embodiment, the apparatus comprises a robot
and 1s arranged to (1) hold the magnetic source during the
movement of the magnetic source relative to the substrate and
to hold the detection device during the detection of the
amount of the preformed objects that has been moved into the
at least portion of the via holes; or to (11) hold the substrate
during the movement of the magnetic source relative to the
substrate and during the detection of the amount of the pre-
formed objects that has been moved into the at least portion of
the via holes

The present invention 1s also related to a component com-
prising a substrate with via holes, each of which being filled
with an object comprising electrically conductive material
and ferromagnetic material and being surrounded by dielec-
tric material fixating the object in the via hole, as well as to an
interposer device comprising a plurality of the above compo-
nents 1n a stacked fashion wherein at least some of the via
holes are through holes and each of the objects filling the
through holes provides electrical connection from one to
another one of the components. Such interposer device may
have the substrates made of glass or a semiconductor material
such as silicon.

Advantages of the present invention comprise e.g. the fol-
lowing ones.

Realization of high aspect ratio TSV’s 1s enabled. The use
of preformed conductive objects comprising ferromagnetic
material (e.g. 1 the form of commercially available wire)
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enables the fabrication of almost any aspectratio. High aspect
ratio TSV’s are preferable for certain application fields and
tull through vias can eliminate watfer thinning and connected
thin wafer handling 1ssues.

Void-free fabrication of conductive TSV cores 1s enabled.
The use of preformed conductive objects (e.g. in the form of
commercially available wire) leads to void-iree metallization
unlike most deposited state-oi-the-art metallization such as
e.g. electroplating, CVD, and the like. Voids 1n metallization
are unwanted since they can lead to several reliability 1ssues,
such as electrical and mechanical reliability and corrosion.

Thermo-mechanical stability of the vias 1s achievable. The
conductive core, which 1s typically a metal, has a higher
coellicient of thermal expansion (CTE) compared to the sur-
rounding substrate material, which 1s typically silicon. This
mismatch may cause various mechanical and electrical fail-
ures at elevated temperatures, where the core material cracks
or breaks the substrate material and/or delaminates from the
contact metallization. The use of a comparable thick and soft
insulating material enables the compensation of CTE mis-
matches of the different via materials. It will act as a thermo-
mechanical buifer at elevated temperatures.

Superior electrical performance due to low-k insulating
maternal 1s achievable. The use of a low-k (lower permittivity
than S10,, which 1s most commonly used) insulating material
increases the electrical performance of the vias (1.e. the cou-
pling capacity).

Low demands are put on the via hole formation process.
The insulation process can take part subsequently to the via
metallization step by means of the magnetic assembly.

The absence of any seed layer deposition steps (e.g. for
cupper electroplating) lowers the demands on the topography
of the via sidewalls significantly. This can increase the yield
and throughput of the via hole formation process.

Further characteristics of the ivention, and advantages
thereot, will be evident from the following detailed descrip-
tion of preferred embodiments of the present invention given
heremnafter and the accompanying FIGS. 1-12, which are
given by way of illustration only, and are thus not limitative of
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates, in a cross-sectional view, a component
comprising a substrate with a plurality of TSV’s according to
prior art.

FIGS. 2a-b 1llustrate, 1n side elevation views, the physical
elfect ol a magnetic field used 1n the present invention.

FIG. 3 illustrate, in cross-sectional view, a component
comprising a substrate with a plurality of via holes during a
method for forming conductive vias according to an embodi-
ment of the present invention.

FIGS. 4a-10a are each flow chart of a representative pro-
cess flow for fabricating a component comprising a substrate
with a plurality of TSV’s according to a respective embodi-
ment of the invention. FIGS. 45-1054 1llustrate, 1n a cross-
sectional views, portions of the components fabricated
according to the flow charts of FIGS. 4a-10a. FIGS. 4¢-10c¢

are cross-sectional views of the portions of the components
along the dash-dotted lines of FIGS. 456-105.

FI1G. 11 1llustrates, 1n a cross-sectional view, an apparatus
for forming conductive vias in a substrate according to an
embodiment of the invention.

FI1G. 12 illustrates, 1n a top view, a robot-based manufac-
turing system including the apparatus for forming conductive

vias of FIG. 11.
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DETAILED DESCRIPTION

FIGS. 2a-b provide a representative illustration of the
physical effect of a magnetic field 204 from a magnetic source
202 on preformed objects 201 at least partly comprising fer-
romagnetic material arranged on a substrate 203. FIG. 2a
shows the preformed objects 201 1n disorder on the upper
surface of the substrate 203 which may be of insulated or
semiconducting material, for example silicon, glass, ceramic,
or other material. FIG. 26 shows how the preformed objects
201 align towards the field lines of the applied magnetic field
204.

FIG. 3 provides a representative illustration of a magnetic
assembly method according to one embodiment of the mven-
tion. The magnetic source 307 can be moved in either a
random or a controlled manner 1n two horizontal directions,
or 1n all three dimensions. The preformed objects 301 at least
partly comprising ferromagnetic material will follow the
magnetic field 308 when the movement of the magnetic
source 307 1s present. This effect 1s used to move and/or steer,
as at 307 representatively 1llustrated, the preformed objects
301 at least partly comprising ferromagnetic material to cer-
tain positions either directly on the substrate 302 made of
insulated or semiconducting material or into through holes
309, blind viaholes 303, tapered through holes 304 or straight
through holes 305 with an additional layer 306 on the back-
side of the carrier 302 or any combination(s) of either of them.
The type of movement of the magnetic source 307 and thus
the type of movement of the preformed objects 301 at least
partly comprising ferromagnetic material may be conducted
in a random and/or a controlled manner and/or a 1n a con-
trolled manner with a position feedback, e.g. by an optical
recognition system (not illustrated). The via holes 303 might
have several cross-sectional shapes such as round, rectangu-
lar, quadratic, or any arbitrary shapes. The preformed objects
301 at least partly comprising ferromagnetic material 301
may be made of for example Fe, Co, Ni, or an alloy compris-
ing a ferromagnetic material. While the preformed objects
301 at least partly comprising ferromagnetic material can be
of any geometric shape, they are preferably made from a
cylindrical wire.

In a further embodiment, a method for fabricating a com-
ponent comprising a substrate with TSV’s, including the
arrangement of multiple preformed electrically conductive
objects at least partly comprising ferromagnetic material 1n
through substrate via holes by a magnetic assembly process,
1s provided as being illustrated in FIGS. 4a-c.

FIG. 4a 15 a flow chart of a representative process flow for
fabricating a component comprising a substrate with TSV’s.
The preformed objects at least partly comprising ferromag-
netic material are pre-fabricated in step 40. The vias are
etched 1n step 41 into the substrate material to a depth, which
1s the desired depth of the vias 1n the finished product. Meth-
ods may include using standard etching, drilling, or powder
blasting techniques known in the art.

The magnetic assembly method 1s performed 1n step 42
with the respective preformed objects at least partly compris-
ing ferromagnetic material. The preformed objects may com-
prise any of the ferromagnetic materials N1, Co, and/or Fe.
The preformed objects are arranged on a surface of the sub-
strate and the magnetic source 1s provided on an opposite side
of the substrate with respect to the plurality of preformed
objects, thereby at least partly aligning at least a portion of the
preformed objects with a magnetic field associated with the
magnetic source. Finally, the magnetic source 1s moved rela-
tive the substrate, thereby moving the at least portion of the
preformed objects 1nto at least a portion of the via holes.
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Step 43 may serve as insulation, filling of the remaining
volume and mechanical fixation of the preformed objects in
the via holes. Methods may include standard deposition tech-
niques such as e.g. PECVD, PVD, spin-on, sol-gel, bladder-
{111, and manual application of dielectrics such as e.g. poly-
mers, ceramics, or glass, as bemng known 1n the art. Some
material may require a subsequent thermal cure or sinter. In
step 44, the top surface 1s planarized to remove any materials
deposited thereon 1n prior steps. Optionally, grinding and
polishing processes on the backside of the substrate 1n step 45
may be used for thinning down the substrate. Finally, 1n step
46 the TSV’s are also electrically contacted and/or hermeti-
cally encapsulated by the deposition and structuring of a
conductive material on either side of the substrate.

FIGS. 4b-c illustrate a portion of the fabricated component
comprising the substrate with one TSV. The preformed object
401 may be shorter, higher, or have the same height as the via
hole. The object 401 1s embedded 1n a dielectric material 402,
which mechanically fixates and electrically insulates the con-
ductive core 401 from the substrate 403. The dielectric mate-
ricl 402 consists of any organic material, such as e.g. a poly-
mer, or inorganic material, such as e.g. glass or a ceramic, and
may be deposited prior or subsequently to the magnetic
assembly. The substrate 403 consists of any organic material,
such as e.g. a polymer, inorganic material, such as e.g. glass or
a ceramic, or a semiconducting material such as e.g. silicon or
gallium arsemide. Conductive layers 404a, 4045 serve as elec-
trical contact and optionally as hermetic enclosure of the TSV,
The conductive ferromagnetic material 1n the through vias
may be placed 1n electrical contact with additional multilevel
wiring, integrated circuits, or associated devices, optical or
optoelectronic elements, micro-electromechanical elements.

In a still further embodiment, a method for fabricating a
component comprising a substrate with TSV’s, including the
arrangement of multiple preformed electrically conductive
objects at least partly comprising ferromagnetic material 1n
through substrate via holes by a magnetic assembly process,
1s provided as being illustrated 1n FIGS. 5a-¢. This embodi-
ment differs from the embodiment of FIGS. 4a-c in that a
passivation layer 1s formed at the mner side walls of the via
holes and/or on the upper and/or lower surface of the substrate
prior to the arrangement of the preformed objects 1n the via
holes.

FI1G. 5a 1s a flow chart of a representative process flow for
fabricating a component comprising a substrate with TSV’s.
The preformed objects at least partly comprising ferromag-
netic material are pre-fabricated in step 30. The vias are
ctched 1n step 51 into the substrate material, and the passiva-
tion layer 503a, the passivation layer 5055, and/or the passi-
vation layer are/1s formed 1n step 52. The passivation layers
505a, 5055, and 506 may be comprised of S10,, S1;N 4, glass,
ceramics, epoxy, SiN, polymers or other material. Methods
may include standard deposition techniques such as e.g.
PECVD, PVD, spin-on, sol-gel, bladder-fill, and manual
application. Some material may require a subsequent thermal
cure or sinter. The magnetic assembly method 1s performed 1n
step 53 as described above. A filler 1s deposited in the via
holes 1n step 54 providing electrical insulation as well as
mechanical fixation of the preformed objects 1n the via holes.
The top surface 1s planarized to remove any materials depos-
ited thereon in step 55. Optionally, grinding and polishing
processes on the backside of the substrate 1n step 56 may be
applied for thinning down the substrate. Finally, 1n step 57 the
TSV’s are also electrically contacted and/or hermetically
encapsulated by the deposition and structuring of a conduc-
tive material 504a, 50456 on either side of the substrate.
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FIGS. 5b-c 1llustrate a portion of the fabricated component
comprising the substrate 503 with one TSV comprising the
preformed object 501 and the dielectric filler material 502.

The passivation layers, 505a, 5055, and 506 as well as the
metallization layers 504a and 50456 contacting the TSV are
illustrated.

In a yet further embodiment, a method for fabricating a
component comprising a substrate with TSV’s, including the
arrangement of multiple preformed electrically conductive
objects at least partly comprising ferromagnetic material 1n
through substrate via holes by a magnetic assembly process,
1s provided as being illustrated 1n FIGS. 6a-c. This embodi-
ment differs from the embodiment of FIGS. 4a-c 1n that the
preformed objects are formed by providing electrically con-
ductive via cores on which a ferromagnetic material 1s depos-
ited.

FIG. 6a 1s a flow chart of a representative process flow for
fabricating a component comprising a substrate with TSV’s.
The preformed electrically conductive via cores are formed 1n
a step 60 and a ferromagnetic material 1s deposited on the via
cores 1n a step 61. Methods for step 61 may be evaporation,
clectroplating, electroless plating, atomic layer deposition or
any other deposition process. The electrically conductive via
cores may be made of or comprising Au, Cu, and/or Tu. The
ferromagnetic material may as above comprise N1, Co, and/or
Fe.

The remaining process steps are as disclosed above. The
vias are etched 1n a step 62; the magnetic assembly method 1s
performed 1n step 63, the dielectric filler 1s deposited 1n step
64; the top surface of the substrate 1s planarized in step 65;
grinding and polishing processes are performed on the back-
side of the substrate 1n a step 66; and the TSV’s are electri-
cally contacted and/or hermetically encapsulated 1n step 67.

FIGS. 6b-c illustrate a portion of the fabricated component
comprising the substrate 603 with one TSV including the
preformed object comprising the electrically conductive via
core 601q and the ferromagnetic coating 6015, and the dielec-
tric filler material 602. The metallization layers 604a and
6045 contacting and sealing the TSV are also 1llustrated.

In a still further embodiment, a method for fabricating a
component comprising a substrate with TSV’s, including the
arrangement of multiple preformed electrically conductive
objects at least partly comprising ferromagnetic material 1n
through substrate via holes by a magnetic assembly process,
1s provided as being illustrated 1n FIGS. 7a-c. This embodi-
ment differs from the embodiment of FIGS. 6a-c 1n that the
preformed objects are formed by providing ferromagnetic via
cores on which a electrically conductive material 1s depos-
ited.

FIG. 7a 1s a flow chart of a representative process flow for
fabricating a component comprising a substrate with TSV’s.
The preformed ferromagnetic via cores are formed 1n a step
70 and an electrically conductive material 1s deposited on the
via cores 1n a step 71. Methods for step 71 may be evapora-
tion, electroplating, electroless plating, atomic layer deposi-
tion or any other deposition process. The use of special met-
allization such as e.g. gold for layer 7015 can result 1n a high
performance via suitable for the transmission of RF signals.

The remaining process steps are as disclosed above. The
vias are etched 1n a step 72; the magnetic assembly method 1s
performed 1n step 73, the dielectric filler 1s deposited 1n step
74; the top surface of the substrate 1s planarized 1n step 75;
orinding and polishing processes are performed on the back-
side of the substrate 1n a step 76; and the TSV’s are electri-
cally contacted and/or hermetically encapsulated 1n step 77.

FIGS. 7b-c illustrate a portion of the fabricated component
comprising the substrate 703 with one TSV including the
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preformed object comprising the ferromagnetic via core 701a
and the electrically conductive coating 7015, and the dielec-
tric filler material 702. The metallization layers 704a and
7045 contacting the TSV are also 1llustrated.

In a yet further embodiment, a method for fabricating a
component comprising a substrate with TSV’s, including the
arrangement of multiple preformed electrically conductive
objects at least partly comprising ferromagnetic material 1n
through substrate via holes by a magnetic assembly process,
1s provided as being illustrated 1n FIGS. 8a-c. This embodi-
ment differs from the embodiment of FIGS. 4a-c 1n that the
preformed objects are formed by providing electrically con-
ductive via cores which comprises ferromagnetic material. A
dielectric layer 1s deposited on the via cores and then an
clectrically conductive layer 1s deposited on the dielectric
layer 1n order to form a coaxial conductor.

FI1G. 8a 15 a flow chart of a representative process flow for
fabricating a component comprising a substrate with TSV’s.
The preformed electrically conductive via cores comprising a
ferromagnetic material are formed 1n a step 80 and a dielectric
layer 1s deposited on the via cores 1n step 81 and an electri-
cally conductive layer 1s deposited on the dielectric layer 1n
step 82. Methods for step 81 may include standard deposition
techniques such as e.g. PECVD, PVD of dielectrics such as
polymers, ceramics, glass, etc. known 1n the art. Some mate-
rial may require a subsequent thermal cure or sinter. Methods
for step 82 may be evaporation, electroplating, electroless
plating, atomic layer deposition or any other deposition pro-
CESS

The remaining process steps are as disclosed above. The
vias are etched 1n a step 83; the magnetic assembly method 1s
performed 1n step 84, the dielectric filler 1s deposited 1n step
85; the top surface of the substrate 1s planarized in step 86;
orinding and polishing processes are performed on the back-
side of the substrate 1n a step 87; and the TSV’s are electri-
cally contacted and/or hermetically encapsulated 1n step 88.

FIGS. 8b-c1llustrate a portion of the fabricated component
comprising the substrate 803 with one TSV including the
preformed object comprising the electrically conductive via
core 801a comprising ferromagnetic material, the dielectric
layer 802 deposited thereon, and the electrically conductive
layer 8015 deposited thereon, and the dielectric filler matenal
80256. The metallization layers 804a and 8045 contacting and
sealing the TSV are also illustrated.

In a still further embodiment, a method for fabricating a
component comprising a substrate with TSV’s, including the
arrangement of multiple preformed electrically conductive
objects at least partly comprising ferromagnetic material 1n
through substrate via holes by a magnetic assembly process,
1s provided as being illustrated 1n FIGS. 9a-c. This embodi-
ment differs from the embodiment of FIGS. 4a-c 1n that the
preformed objects are formed by providing electrically con-
ductive via cores comprising a ferromagnetic material, on
which an expandable dielectric material 1s deposited. Then,
instead of filling the space between the via core and the 1nner
side walls of the via holes with a dielectric filler material, the
expandable dielectric material deposited on the via cores are
made to expand to thereby fixate the via cores 1in the via holes.

FI1G. 9a 15 a flow chart of a representative process flow for
fabricating a component comprising a substrate with TSV’s.
The preformed electrically conductive via cores comprising
ferromagnetic material are formed in a step 90 and the
expandable dielectric 1s formed in step 91. Methods may
include standard deposition techniques such as e.g. PECVD
or PVD of dielectrics such as polymers, ceramics, glass, etc.
known 1n the art. The expandable dielectric material has the
ability to expand 1ts volume.
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The vias are etched 1n a step 92; the magnetic assembly
method 1s performed 1n step 93, the expandable dielectric
material 1s made to expand 1n step 94; the top surface of the
substrate 1s planarized 1n step 95; grinding and polishing
processes are performed on the backside of the substrate 1n a
step 96; and the TSV’s are electrically contacted in step 97.
The expansion i step 94 may be triggered by a thermal
treatment or after addition of a liquid or gaseous chemical
agent.

FIGS. 9b-c illustrate a portion of the fabricated component
comprising the substrate 903 with one TSV including the
preformed object comprising the electrically conductive via
core 901 comprising ferromagnetic material and the dielec-
tric material 902 after expansion. A metallization layer 904
contacting the TSV 1s also 1llustrated.

In a still further embodiment, a method for fabricating a
component comprising a substrate with TSV’s, including the
arrangement of multiple preformed electrically conductive
objects at least partly comprising ferromagnetic material 1n
through substrate via holes by a magnetic assembly process,
1s provided as being illustrated 1n FIGS. 10a-c. This embodi-
ment differs from the embodiment of FIGS. 4a-c 1n that the
preformed objects comprise each a first end portion and a
second end portion opposite to the first end portion, and the
first end portion comprises electrically conductive material
and the second end portion comprises a ferromagnetic mate-
rial.

FIG. 10qa 1s a flow chart of a representative process tlow for
fabricating a component comprising a substrate with TSV’s.
The preformed objects comprising ferromagnetic material
are formed 1n steps 110, 111.

The vias are etched 1n a step 112; the magnetic assembly
method 1s performed 1n step 113, the dielectric filler material
1s deposited 1n step 114; the top surface of the substrate 1s
planarized 1n step 115; grinding and polishing processes are
performed on the backside of the substrate in a step 116; and
the TSV’s are electrically contacted in step 117.

FIGS. 10b-c¢ illustrate a portion of the fabricated compo-
nent comprising the substrate 1003 with one TSV including
the preformed object 1001a, 100015 and the dielectric mate-
rial 1002. Metallization layers 1004a and 10045 for contact-
ing the TSV are also illustrated.

FIG. 11 illustrates, 1n a cross-sectional view, an apparatus
for forming conductive vias in a substrate according to an
embodiment of the invention. The apparatus comprises
“fork™ frame structure 1101 with one part above the substrate
1105 and one part below the substrate 1105. An xyz-stage
1102 with a moving range 1n the horizontal plane xy on the
order of the size of the substrate 1105. The vertical movement
7z can either be used for tuning the magnetic field by a change
of the distance between one or multiple magnetic sources
1103 and the substrate 1105 or to focus one or multiple
cameras 1104. The one or multiple cameras 1104 1s/are either
aligned or not aligned to the one or multiple magnetic sources
1103.

The substrate 1105, which typically 1s a water, 1s provided
with through via holes 1110. A layer 1106 1s arranged at the
backside of the substrate 1105 deposited by any means. Alter-
natrvely an additional carrier substrate 1s arranged at the back-
side of the substrate 1105.

A substrate fixture 1107 1s provided, which holds the sub-
strate during the magnetic assembly method, and may further
insert additional mechanical energy, such as e.g. vibration, 1n
order to support the assembly process.

During the assembly method, the one or multiple magnetic
sources 1103 provide(s) a magnetic field, thereby at least
partly aligning at least a portion of a plurality of preformed
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objects 1109 arranged on an upper surface of the substrate
11035 and the stage 1102 moves the one or multiple magnetic
sources 1103 relative to the substrate 1105, thereby moving
the at least portion of the preformed objects 1109 1nto at least
a portion of the via holes 1110.

A controller such as e.g. a personal computer (not 1llus-
trated) 1s arranged to control the stage 1102 and to get feed-
back from the one or multiple cameras 1104 with information
if a via hole 1110 1s empty, 1f a via hole 1110 filled correctly
with a preformed object 1109, if a preformed object 1108
stands upright on the substrate surface, or if a preformed
object 1111 1s tilted/lying on the substrate surface.

It shall be appreciated that the one or multiple cameras
1104 may be exchanged for any kind of detection device for
detecting the amount of the preformed objects 1108, 1109,
1111 that has been moved into the at least portion of the via
holes 110. Such detection device comprises a device for
detecting preformed objects 1n the via holes optically, elec-
tromagnetically, or physically.

It shall turther be appreciated that the motion concept may
alternatively be revered, 1.e. the substrate 11035 will be moved
and the magnetic source(s) 1103 and camera(s) 1104 are
fixed.

FI1G. 12 illustrates, 1n a top view, a robot-based manufac-
turing system including the apparatus for forming conductive
vias of FIG. 11.

A waler or substrate 1201 1s stored 1n a standard mput/
output cassette 1202, which 1s typically formed to store 25
walers. A standard water handling robot 1203 with two tool
arms 1204, 1205 1s provided. Examples of a wafer handling
robot to be used are found at http://www.iselrobotik.com/
walerhandler_ 01 .php. One of the tool arms 1204 1s prefer-
ably a standard vacuum gripper, which grips the substrates
1201, whereas the other one of the tool arms 1205 may be a
magnetic assembly tool similar to the fork frame structure
1101 of FIG. 11.

The system comprises further a magnetic assembly station
1206 with a water fixture 1207 similar to the fixture 1107 of
FIG. 11 and a deposition unit/robot 1208 for deposition of the
preformed objects on the upper surface (front side) of the
waler 1201.

The system may further comprise a standard spin coating,
unit 1209 with a rotational water chuck 1211 and a deposition
unit for liquids 1210 such as e.g. polymers and a standard hot
and cool plate 1213 optionally 1n vacuum environment 1212.

During processing a substrate 1201 1s fetched from stan-
dard input/output cassette 1202 with the standard vacuum
gripper 1204 and 1s moved to the magnetic assembly station
1206 and 1s put 1n the water fixture 1207. A defined amount of
preformed objects 1s placed on the substrate 1201 by means of
the deposition unit/robot 1208. The magnetic assembly tool
1205 15 aligned with the water 1201 such that the magnetic
source(s) and camera(s) thereol are arranged below and
above the water 1201. The preformed objects are arranged 1n
the via holes of the substrate 1201 by means of the method
disclosed with reference to FIG. 11. Then, the substrate 1201
1s fetched with the standard vacuum gripper 1204 and placed
in the standard spin coating umit 1209. A polymer 1s deposited
by the deposition unit for liquids 1210 and the wafer 1201 1s
tetched with the standard vacuum gripper 1204 and placed at
the standard hot and cool plate 1213 wherein a polymer
curing procedure 1s run. Then, the water 1201 1s fetched with
the standard vacuum gripper 1204 and 1s returned to the
standard input/output cassette 1202, and a new waler can be
fetched.

It shall be appreciated that the invention also relates to a
component comprising a substrate with via holes, each of
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which being filled with an object comprising electrically con-
ductive material surrounded by dielectric matenal, as well as
to an interposer device comprising a plurality of the compo-
nents 1n a stacked fashion wherein at least some of the via
holes are through holes and each of the preformed objects
f1lling said through holes provides electrical connection from
one to another one of the components. The substrates may be
of glass or of a semiconductor materiel such as silicon.

While the mvention has been described above by way of
example, 1t shall be understood that the same may be varied 1n
several details. The scope of the present patent 1s defined by
the following claims.

The mvention claimed 1s:

1. A method for forming conductive vias 1n a substrate by
filling preformed via holes with electrically conductive mate-
rial, the method comprising;:

providing a plurality of preformed objects at least partly

comprising ferromagnetic material on a surface of the
substrate;

providing a magnetic source on an opposite side of the

substrate with respect to the plurality of preformed
objects, thereby at least partly aligning at least a portion
of the preformed objects with a magnetic field associ-
ated with the magnetic source; and

moving the magnetic source relative the substrate, or vice

versa, thereby moving the at least portion of the pre-
formed objects to at least a portion of the via holes;
wherein the preformed objects in the via holes are fixated
therein by filling the space between the objects and the
sidewalls of the via holes with a filler material.

2. The method of claim 1 wherein the preformed objects
comprise each a core and a layer formed thereon.

3. The method of claim 2 wherein the core 1s of an electri-
cally conductive maternial and the layer formed thereon 1s of a
ferromagnetic material.

4. The method of claim 2 wherein the core 1s of a ferro-
magnetic material and the layer formed thereon 1s of an elec-
trically conductive material.

5. The method of claim 1 wherein the preformed objects
comprise each a multilayer structure including at least two
parallel conductors preferably arranged coaxially, electri-
cally 1solated from one another.

6. The method of claim 1 wherein the preformed objects
comprise each a first end portion and a second end portion
opposite to the first end portion, and the first end portion 1s of
an electrically conductive material and the second end portion
1s ol a ferromagnetic material.

7. The method of claim 1 wherein the preformed objects
comprise each a core of a ferromagnetic material and a layer
of an expandable dielectric material formed thereon, and the
preformed objects 1n the via holes are fixated therein by
means ol expanding the expandable dielectric layer.

8. The method of claim 1 wherein the surface of the sub-
strate, on which the preformed objects at least partly com-
prising ferromagnetic material are provided, i1s planarized
after the at least portion of the preformed objects have been
moved to the at least portion of the via holes.

9. The method of claim 1 wherein the via holes are her-
metically sealed by means of covering them by at least one
layer, preferably an electrically conductive layer, after the at
least portion of the preformed objects have been moved into
the at least portion of the via holes.

10. A component comprising a substrate with via holes,
cach of which being filled with an object comprising electri-
cally conductive material surrounded by dielectric matenal,
wherein:

said objects comprise each ferromagnetic material; and

said dielectric material fixates the objects in the via holes.
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11. The component of claim 10 wherein the preformed
objects comprise each a core and a layer formed thereon,
wherein one of the core and the layer 1s of an electrically
conductive material and the other one of the core and the layer
1s ol a ferromagnetic material.

12. The component of claim 10 wherein the objects com-
prise each amultilayer structure including at least two parallel
conductors.

13. An apparatus for forming conductive was in a substrate
by filling preformed via holes with conductive material,
wherein the apparatus comprises

a magnetic source arranged at one or more sides of the

substrate for providing a magnetic field, thereby at least
partly aligning at least a portion of a plurality of pre-
formed objects arranged on a surface of the substrate,
and

means for moving the magnetic source relative to the sub-

strate, or vice versa, thereby moving the at least portion
of the preformed objects into at least a portion of the via
holes;

wherein the preformed objects 1n the via holes are fixated

therein by filling the space between the objects and the
stdewalls of the via holes with a filler material.

14. The apparatus of claim 13 wherein the means for mov-
ing 1s provided for moving the magnetic source while the
substrate 1s held still or 1s provided for moving the substrate
while the magnetic source 1s held still.

15. The apparatus of claim 13 wherein the means for mov-
ing 1s provided for moving both the magnetic source and the
substrate.

16. The apparatus of claim 13 wherein the means for mov-
ing 1s provided for moving the magnetic source relative to the
substrate 1n different horizontal directions.

17. The apparatus of claim 13 wherein the means for mov-
ing 1s provided for moving the magnetic source relative to the
substrate in a vertical direction.

18. The apparatus of claim 15 comprising a detection
device for detecting the amount of the preformed objects that
has been moved 1nto the at least portion of the via holes.

19. The apparatus of claim 18 wherein the detection device
comprises a device for detecting preformed objects 1n the via
holes optically, electromagnetically, or physically.
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20. The apparatus of claim 15 comprising a substrate
holder provided for holding the substrate during the move-
ment of the magnetic source relative to the substrate.

21. The apparatus of claim 19 comprising a robot arranged
to (1) hold the magnetic source during the movement of the
magnetic source relative to the substrate and hold the detec-
tion device during the detection of the size of the at least
portion of the preformed objects that has been moved 1nto the
at least portion of the via holes; or to (11) hold the substrate
during the movement of the magnetic source relative to the
substrate and during the detection of the amount of the pre-
formed objects that has been moved into the at least portion of
the via holes.

22. An automated robot-based manufacturing system com-
prising the apparatus for forming conductive vias as claimed
in claim 15; an input/output cassette for storing waters pro-
vided with via holes; a substrate holder provided for holding
the substrate during the formation of the conductive vias; a
deposition unit/robot arranged to deposit preformed objects
on the upper surface of the water while being held by the
substrate holder; and a water handling robot arranged to move
a water from the input/output cassette to the substrate holder.

23. The system of claim 22 comprising a spin coating unit
equipped with a deposition unit for curable liquids and a
curing unit, wherein the water handling robot 1s arranged to
move the walfer from the substrate holder for holding the
substrate during the formation of the conductive vias to the
spin coating unit after the conductive vias have been formed;
the deposition unit for liquids 1s arranged to deposit curable
liquid onto the wafer; the water handling robot 1s arranged to
move the water from the spin coating unit to the curing unit
aiter the liquid has been deposited; the curing unit 1s arranged
to cure the deposited liquid; and the wafer handling robot 1s
arranged to move the water from the curing unit back to the
input/output cassette aiter the deposited liquid has cured.

24. The system of claim 22 wherein the water handling
robot holds the apparatus for forming conductive vias during
the formation of the conductive vias.
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